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Summary  
Participation in sports has evolved as a cause of osteoarthritis (OA), especially in hip and knee joints. OA often 
occurs at a relatively early age in adult life, in certain sports (soccer, rugby, racket sports and other track and field 
sports) and under certain conditions (high level of practice). We review preclinical considerations and published 
epidemiological studies. Joint overuse ven without notable trauma is likely the main mechanism ofOA both in these 
sports and in certain occupational ctivities (relative risk ranges from 1.5 to more than 5 depending chiefly on the 
category of sport and on the level and duration of practice). Irregular or sudden impacts, heavy load application on 
the dominant weight-bearing lower limb and the pre-existing state of the joint including dysplasia, dystrophy or 
previous trauma re risk factors for OA. However, recreational sport activities at a reasonable l vel are not likely 
to be harmful for most individuals, in most sport activities. 
Key words: Sports, Exercise, Hip OA, Knee OA. 
Sport  pract ice and osteoar thr i t i s  of the l imbs 
Is SPORTS participation a risk factor for osteo- 
arthritis (OA) of the limbs? This issue is con- 
troversial despite the increased number of studies 
addressing this issue in recent ~ears. The role of 
occupational activities or sports in the develop- 
ment of OA has been described for many years 
[1-4], but or i~nal  studies were done in exposed 
occupations, not in 'athletes'. For example, in a 
descriptive cross-sectional study in 1966, Louyot 
and Savin [5] reported a higher frequency of 
hip OA among French farmers than controls. 
Their f inding was confirmed by a recent English 
comparative study conducted by Cooper, Croft 
et al. [6] who found a rate of hip OA nine times as 
high among farmers as peopl~ living a sedentary 
life. Although farming is not~a sport, it is a model 
for OA which could be either generated or 
accelerated without rauma by 'pure' overuse. This 
review will examine the relationship of sports 
activities as a possible risk factor for OA. This 
review will be divided into three sections: 
(1) The charge: 'joint overuse from sport practice 
is harmful'. 
Address correspondence and reprint requests to: Michel 
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(2) The defense: 'sport does not cause OA of the 
limbs'. 
(3) Discussion and conclusion. 
In each section, we will summarize the most 
pertinent preclinical, clinical and epidemiological 
studies, and comment on the methodologies used 
in each of the studies. 
The charge:  ' joint overuse f rom sport  pract ice  
i s  harmfu l '  
PRECLINICAL STUDIES 
Early work on the impact of joint overuse on 
joint structure was reported by Eric Radin et al. 
[7, 8]. Rabbit knees were subjected to one and 
a~ half to twice body weight at a frequency of 
I cycle/s for 40 rain a day. The first cartilage lesions 
appeared after 3 weeks at the junction between the 
subchondral bone and the deep layer of the 
cartilage [8]. Donohue et al. [9] obtained similar 
results with a different experimental model. These 
investigators suggested that mechanical OA re- 
sulted from the following sequence: (1) repeated 
impacts with insufficient absorption by syn- 
chronous muscular contraction; (2) increase 
in subchondral bone rigidity (healed micro- 
fractures?) and calcifications of the cartilage; 
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(3) higher constraints of the joint cartilage on this 
hard base and further damages. 
In 1984, Brox~n et al. [10] strengthened their 
hypothesis by conducting another study that had a 
poro-metal pad implanted in the subchondral bone 
about 2 mm underneath t e cartilage of the tibial 
head of sheep. The animals were made to walk 
I h a day on a moving walkway for 10 months. 
The histologic examination of the joint at the 
10 months follow-up period showed an important 
condensation around the poro-metal pad, hori- 
zontal or oblique fissures at  the osteochondral 
junction and fibrillation of the median and deep 
layers of the cartilage, with maximum alterations 
around the implant. Therefore, by changihg the 
rigidity in the subchondral bone, accelerated joint 
degeneration occurred after regular weight-bear- 
ing activities. This example illustrated that both 
the cartilage and the cancellous bone can act as 
shock absorbers [11]. However. another study by 
Radin et al. [12] reported that for sheep forced to 
walk 8 h a day either on hard surfaces (concrete) 
or soft surfaces (wood chips), cartilage changes 
were found only in the animals that wa lked  on 
hard surfaces, with no abnormalit ies in subchon-  
dral bones. Therefore, bone  condensat ion is not 
necessarily the first lesion seen in OA.  
Others authors, including V ideman et al. [13] 
and Sofft and Graf  [14], showed that in an imal  
studies repeated forced runs on a mov ing  wa lkway 
resulted in some damage to the cartilage. The  
cartilage surface examined by optic and  electronic 
microscopy was  superficially altered, depleted in 
fundamenta l  proteoglycan matr ix substance, and  
collagen fibrils bundles were  exposed and  could 
even be partially detached. Similar histology has 
been described in human cartilages in the elderly 
and in macroscopical ly normal  areas of arthritic 
cartilages. These lesions do not  necessarily 
progress to OA and may represent either early 
lesions of OA,  o ra  self-limited form of cartilage 
damage.  
Vasan  [15] studied the ,cartilage of dogs 
forced to climb on treadmills. After 8 months ,  
the surfaces of the weight:~earing zones of the 
cartilage were altered, the glycoproteins of the 
fundamenta l  substance had  a lower molecular  
weight, were more  extractable, aggregat ion was  
less with hyaluronic acid and  synthesis was  
abnormal ly  increased, as shown by incorporation 
of radiolabeled sulfur. Indeed, this study found 
typical biochemical  features of early OA in the 
cartilage. 
Similarly, Aroskoski  et al. [16] and  Lammi  et al. 
[17] showed evidence of the  softening of the 
cartilage and  depletion of glycoproteins in Beagle 
dogs submitted to 40 km runs everyday-for 1 year. 
However, they questioned whether these modifi- 
cations le.d to OA or they w.ere only a physiological 
adaptation to the increase "in mechanical con- 
straints. Lammi suggested that the shape of the 
joint plays a part: the hip, which is a very 
congruent joint, is much less vulnerable to 
mechanical constraints t~han the knee. 
In summary, despite the fact that some of these 
studies are more biochemical than morphological 
in nature, they show a possible 'preosteoarthritic 
state' and may help us understand the mechanism 
of joint damage with overuse. 
EPIDEMIOLOGICAL STUDIES 
The published epidemiological studies are dis- 
cussed and presented below according to their 
study design: cross-sect{onal, case-control, retro- 
spective and prospective ~cohort studies. 
Cross-sectional studies 
In 1979, Demarais and Lequesne [18] performed 
a radiographic study of the hips in 40 men and 
six women 20-30 years of age who had been 
participating at a high sports level (rugby, 
football, dance, judo) for more than 10 years. 
One participant had OA of the hip, and 39% of hips 
had evidence of only osteophytosis. Six percent 
Of hips had osteophytosis in the reference group 
(50 participants 20-30 years of age, with no/or 
low sport participation). Hip pain was not present 
in the subjects who had osteophytosis by radio- 
graph. This was a simple cross-sectional study, 
with no follow-up. However, osteophytosis may be 
a predictor of subsequent OA. Moreover, contrary 
to the knee, the hip is rarely subject to sport 
trauma. The authors found only 1% of the sports 
participants had a history of hip trauma while 8% 
reported previous ports trauma in the knee. Thus, 
the hip joint may be a good model for determining 
outcomes of joint overuse without trauma. 
In 1985, Chantraine [19] reported on a group 
of 81 former elite-soccer players, who averaged 
48 years of soccer participation, with 15 years 
of competition. Fifty-six percent of the subjects 
had knee OA Present by radiograph. However,.38 
patients out of the 81 had a previous meniscal 
injury and meniscal surgery which may have 
increased the development of radiographic OA. 
The study results must be interpreted with caution 
as there was no control group. 
Massada [20] reviewed radiographs of ankle s
in 88 professional soccer players and found 52-59% 
Of the players had (right-left) osteophytes present 
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by radiograph. The majority of the radiographi- 
cally involved joints were painless. 
Cross-sectional studies on possible pre-OA 
conditions aquired in adolescent sportsmen 
Murray and Duncan [21] in 1971 reviewed 
radiographs in three series of adolescents (251 
individuals in total) subjected to three different 
regimens of sports activities. They found that the 
prevalence of the tilt deformity, i.e. slight slipped 
femoral epiphysis, was higher (24%) in the most 
active group than in the least active group (9%). 
This deformity maybe a predisposing factor for 
OA as it is found in 15% [22] to 40% [21] of the 
cases of OA of the hip in adults. 
Auberge et al. [23] obtained radiographs on 
high-level teenage athletes (junior European 
championships). Eighty percent of 105 gymnasts 
aged 14-17 years had obvious radiographic 
alterations that included an almost constant bone 
age delay, epiphyseal plates thicker or thinner 
than normal, dystrophic metaphyseal cysts, sub- 
chondral epiphyseal osteocondensations, and 
flattening of the internal part of the epiphysis of 
the wrist. At this age, epiphyseal plates seem to be 
more fragile than the joint cartilage. The prognos- 
tic value of these data remains unknown. 
Case-control studies 
Boyer and Kahn [23] listed all sports practiced 
(at least one sport for at least 1 year) in two groups 
of patients: .201 men aged 40 years or over referred 
to rheumatologists for OA and 174 patients free of 
rheumatologic disease referred to gastroenterolo- 
gists. The frequency of sport practices was higher 
(P=0.01) among OA patients. The difference 
remained significant (P = 0..05) in OA of the hip and 
of the knee for football, rugby, handball and 
basketball. Unfortunately, injuries and. accidents 
related to the practice of a sports were not 
specified, so that this study cannot separate joint 
'overuse' from joint injury "as risk factors for 
OA. 
Vingard et a.l. [24] compared the sport history 
obtained by telephone interview of 233 men aged 
50-70 years operated on for hip OA to that of 302 
age matched control subjects randomly selected 
from the general population. They found an 
estimated relative risk (RR) i.e. odds ratios (OR) of 
2 to 2.6 in those having practiced at a middle level 
and of 3.5 to 4.5 in those practicing at a high level 
of sports activity. Racket sports, track and field 
sports were the most harmful for the hip (Table I). 
Furthermore, the subjects having medium or high 
physical oads from their occupations had a clearly 
higher relative risk: 8.5 (95% CI: 4-17.9). In that 
study, secondary causes of hip OA were excluded; 
moreover, only advanced cases that required 
arthroplasty were analyzed. Also, several' con- 
founding risk factors were taken into account. 
Retrospective cohort studies 
Lindberg et al. [26] compared the frequency of 
hip OA in 286 former soccer players with an 
average age of 55 years with an age matched 
control group of 572 men taken from the general 
population of Malta6. The entrance criteria 
included age of 40 years or more at study entry and 
history of soccer participation until the age 
of 25 years. The diagnosis of OA was defined 
by joint space narrowing of the hip. OA was 
considered as present in men under 70 years of age 
if the joint space was lower or equal to 4mm 
and lower or equal to 3 mm in men over 70 years 
of age, or superior or equal to i mm of narrowing 
compared with the opposite side. The authors 
found a rate of 5.6% for hip OA among soccer 
Table I 
.Relative risk of hip OA by sports and activity levels 
Middle intensity level High level 
Sports Relative risk (CI* 95%) Relative risk (CI 95%) 
Golf, swimming, biking 1.5 (0.4-1.4) 0./~ (0.1-2.0) 
Bowling, ice hockey 0.4 (0.1-0.4) 1 (0.3-3.4) 
Handball 0.5 (0.1-2.9) 1.8 (0.4-7.2) 
Long distance running 1.7 (0.4-6.9) 2.1 (0.6-6.8) 
Soccer 1 (0.4-3.9) 2.3 (0.7-7.7) 
Racket sports 2.4 (0.6-10.6) 3.3 (1.2-12.7) 
Track and field sports 2.4 (0.6-9.3) 3.7 (1.1-13.2) 
Relative risks calculated according to a logistic regression analysis, taking into accountage, 
body mass index, physical oad from occupation and different kii~ds of sports simultaneously. 
*CI: confidence interval. 
Reproduced with permission [~om Vingard et al. [24]. 
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players compared with 2.8% in the  control 
population (OR = 2.1) (P = 0.04). The rate was even 
higher among elite soccer players compared with 
the others, 14% versus 4% respectively (OR = 3.7). 
Limitations of this study included: (1) only one fifth 
of individuals in each group underwent 
a hip radiograph during the period considered 
1950-1988 and the reason for such a radiograph 
was probably painful hip although this was not 
mentioned. (2) The only confounding factor 
considered was age. 
Roos et al. [27] also studied the prevalence of 
knee OA in the same two groups listed above. The 
diagnosis of knee OA required a tibiofemoral joint 
space of less than 3 mm or the joint space reduced 
at least 50%. The rate of knee OA was 1.6% in 
controls, 15.5% in elite soccer players (71 players 
in 1st and 2nd national division) and 4.2% in 
nonelite soccer players, a significant difference 
with an OR of 3.7 (95% CI=1.5-9.3). The OR 
was 2.7 when nonelite players were compared 
with the controls. This study suffers from the 
same limitations mentioned above. Nevertheless, 
it deserves attention because it clearly separates 
elite and nonelite soccer players and subjects who 
experienced either a knee injury resulting in 
meniscus or cruciate ligament lesion. And exclud- 
ing those subjects, the authors still found a 
high rate of knee OA: 11% in elite players, 3% 
in nonelite players. One might conclude from this 
study that joint overuse is the risk factor for 
OA in soccer. 
Kujala et al. [28] studied the prevalence of OA 
of the hip, knee and ankle defined by hospital 
discharge summaries after 20 years of practice in 
2448 former Finnish athletes having participated 
to high-level competitions (Olympic games, Euro- 
pean or National competitions). The rate of OA 
was of 5.9% among the athletes compared with 
2.6% in an age matched population. The estimated 
RR was of 1.73 for endurance sports (long distance 
running, cross-country), 1.90 for mixed sports 
(football, hockey, baseball, t~ack and field sports) 
and 2.17 for power sports ~boxing, weightlifting, 
wrestling). It is unclear ~f the athletes were 
continually participating in these sports or if they 
had stopped. 
In another study, Kujala et al. [29] reported 
clinical and radiographic examinations of the 
knees of 117 former male elite athletes (soccer 
players, weightlifters, runners and shooters) 
according to the list of the original register 
of Finnish competitions. They ranged in age 
from 45-68 years. Diagnosis of OA was made 
by weight-bearing knee radiographs having at 
least grade 2 on the Kellgren-Lawrence scale. 
Prevalence of knee OA was 29% in soccer players 
[tibiofemoral joint (TFJ) OA], 31% in weightlifters 
[patellofemoral joint (PFJ) OA], 14% in runners 
and 3% in shooters (considered as the control 
group). Adjustment by age was made by stepwise 
logistic regression analysis. The estimated RR 
(OR) for having knee OA was 5.2 in soccer players. 
Excluding a history of previous knee traumas, 
the~e was no :evidence of premature knee OA for 
male runners. 
Marti et al. [30] conducted a retrospective 
longitudinal study to determine the risk of 
different ypes of sports on the development of hip 
OA. At the origin, in 1973, there were 27 long 
distance runners, 12 bobsleigh riders and 26 
control subjects. Fifteen years later, in-1988, 
91% were reexamined (i.e. 27, nine and 23 
respectively). Thus, 59 of the original 65 subjects 
returned for the foll0w-up examination. The 
former distance runners trained an average of 60 
miles/week, and the mean age was 42 years. 
Radiographs were rated in a blinded fashion on a 
semi-quantitative scale according to the degree of 
joint space narrowing, subchondral sclerosis and 
osteophyte formation. Hip OA of moderate or 
high radiographic severity was-found in 19% of 
the former runners. One was asymptomatic, two 
had abandoned running and two had reduced 
their activity level. There was no OA in the former 
bobsleigh champions and controls. The best 
predictors of OA were age, number of miles run per 
week (very high in this case) and pace per mile. The 
very intense level of competition may explain these 
cases of hip OA. However one should mention that 
in these series, controls were younger than the 
runners (35 versus 42 years) and sample sizes are 
small. 
Recently, Spector et al. [31], in a retrospective 
cohort study, determined the risk of hip and knee 
OA from 81 ex-elite female athletes (67 middle 
and long distance runners and 14 tennis players) 
in comparison with 997 control women. After 
adjusting for age, height and weight, the risk 
of knee OA Was significantly higher in ex-elite 
athletes than in controls. With regard to osteo- 
phytes, OR was of 3.7 in TFJ  among ex-elite 
athletes, of 3.5 it/ PF J  and of 2.52 in hip joints. 
Tennis players who played an average of 5.7 h/ 
week had more TFJ  involvement and runners who 
trained an average of 2.6 h/week experienced more 
PF J  disease. The pain threshold (measured by 
dolorimeter) in ex,athletes was almost twice that 
of the population control, which may. suggest 
that symptoms are likely to occur later and or to 
a lesser extent in sportswomen. Interestingly, 
authors conclude that the risk of radiographic 
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OA is higher in ex-elite athletes is certain but 
the duration of sport practice is likely to be the 
important factor, rather than the 'eliteness', per se. 
The main comment regarding this study is that 
radiographs may not have been read blindly with 
regard to exercise history. Moreover although 
radiograph evidence is sufficient in such types 
of study, because only 30% of individuals with 
radiographic OA develop symptoms, this cohort 
will need to be followed longer to determine if
clinical OA develops. 
The impact of sport activity and OA on 
dysplastic or injured joints 
Although the impact of sport activities on the 
development of OA in dysplastic or injured joints 
is not the major focus of this article, it deserves 
mention because the harmful effect of sport in 
these conditions is generally early and clinically 
significant. 
Professional dancers often have  an unknown 
moderate  dysplasia of the hip wh ich  probably 
takes place as an  initial selection factor because 
their coxo-femoral joint is more  flexible. In a 
F rench  review of 126 professional dancers [32], 
17.5% (15 women and  seven men,  mean age 45 
years) had  a hip OA that was  most  often bilateral 
and  painful. In 80% of the cases, there was  a 
borderline or frank acetabular dysplasia. In the 
study by Demara is  and  Lequesne  [18] on  osteo- 
phytes and hip OA in athletes, there was  9% of 
frank dysplasia and  11% of borderline dysplasia. 
McDermot t  and  Freyne [33] studied 20 long- 
distance runners with knee pain. Their  mean age 
was  39 years and  they had  been training for an 
average of 62 miles for 19 years. They  found six 
cases of knee OA,  all on  dystrophic knees and  
four with previous joint injuries. A history of 
pre-existing t rauma is the most  obvious factor 
causing knee OA in athletes. In a French-Br i t ish 
study [34], 77 soccer players were  examined f rom 
20-27 years after partial men iscectomy and/or 
rupture of the cruciate anterior ligament. Seventy- 
one percent of the p layers~who experienced a 
rupture of the cruciate anterior l igament had  knee 
OA.  If the l igament was  not ruptured, the 
percentage was  250.  
OA of upper limbs as a risk factor from sport 
practice 
Publications regarding this location are less 
frequent han those concerning the lower limbs. 
Lesions of the elbow in baseball pitchers were 
described as soon as 1941 [1] and 1965 [2], and 
in gymnasts (elbow, wrist) in 1971 [35]: Even OA 
that is usually familial, such as Heberden and 
Bouchard nodes, can develop in sports such as 
judo [36], probably in relation with increased 
joint forces during the grasping of the clothes 
[37]. Recently, :rock climbers were shown to have 
significantly more radiographic lesions of the hand 
(subchondral cysts and osteophytes) than controls. 
The 36 rock climbers examined were young elite 
climbers, averaging 31 years of age. Two of them, 
o~er 40 years, even had frank OA of the hand [38]. 
As an interesting comparison, it is noteworthy that 
in the field of possible occupational overuse, 
Acheson et al. [39] alleged that the right hand is 
more often involved by OA than the left one. 
Hadler et al. [40] conducted an important study on 
cotton spinners, reelers and knotters, showing a 
predominant location of OA (wrist, finger) related 
to the specific professional repeated gesture after 
10-20 years of work. 
An interesting comparison:  occupat ional  
joint overuse 
Occupation appears to affect the development 
of OA. Partridge and Duthie [41] showed that 
the prevalence of OA of hand, hip, knee and ankle 
is higher among miners compared with dockers 
and higher in dockers compared with white 
collars. 
In Sweden, Bjelle [42] found a higher OA 
rate in forest and mountain regions where work 
is typically weight-bearing exercise. Similarly, 
Louyot [5] noted that farmers developed hip 
OA earlier and more often than the general 
population. These data were confirmed by Cooper 
et al. [6] who found a RR of 9 among English 
farmers. 
Vingard et al. [43] studied several thousands of 
workers registered in 13 of the 20 Swedish 
countries. The risk of OA was higher in the 
professions with heavy loading on weight-bearing 
joints. The OR for hip OA was 3.78 in farmers, 2.72 
in butchers and millers. Building industry workers 
and firemen also had an increased risk for knee 
OA. 
The defense: 'sport does not cause OA of the 
limbs' 
The synovial-lined joint is an efficient bearing 
system. It is able to withstand loads of up to 
six times body weight for up to a million cycles 
per year [44]. Recent worlds have shown that the 
chondrocytes metabolism was activated in a 
number of physiological mechanical constraints. 
80 Lequesneet al.: Sport practice and limb OA 
EXPERIMENTAL STUDIES 
Rabbits obliged to nonstrenuous running 
daily for 8 weeks showed joint cartilages with 
undamaged structure, increased average size of 
chondrocytes, including the nUclei and enrichment 
in synthesis organites [45]. 
In dogs trained to jump obstacles, the cartilage 
of the distal portion of the humeral head, an area 
that was bearing weight only during these 
exercises and not during normal walking became 
thicker and richer in glycosaminoglycans com- 
pared with that of non-jumping dogs of the same 
species [46]. Similar modifications have been 
observed in the knee cartilage of dogs ~ running 
repeatedly over 8 weeks [47]. On the contrary, 
excessive exercise would make these values 
decrease under that of the controls [48]. 
As Buckwalter and Woo [49] demonstrated, the 
response of chondrocytes depends on the intensity 
and number of loading cycles. Several in vitro 
studies showed concordant results with pieces 
of cartilage or cultured chondrocytes which can 
respond to variations in pressure or metabolic 
modifications [50, 51]. However, also in all of these 
studies, mechanical stimuli have a positive 
anabolic effect only at certain intensity levels and 
when the treatment is intermittent [52]. Exercise 
has also been shown to increase anabolic activities 
in chondrocytes. Cartilage damaged by an intra- 
articular injection of sodium iodoacetate in 
guinea-pigs was repaired by exercise. Exercise 
limited the decrease in chondnocytes, prevented 
fibrillation, and increased the perichondrocyte 
synthesis. Exercise can also increase the formation 
of osteophytes (Williams and Brandt [53]). How- 
ever, the clinical significance of these findings is 
unknown. 
EPIDEMIOLOGICAL STUDIES 
Cross-sectional studies 
In 1979, Eastmond et al. [54], examined 360 
female physical education teachers, ranging from 
46-60 years of age, and fou/~d the prevalence of 
hip and knee OA no higher than that in historical 
controls. However, historical groups may not be a 
valid comparison group. In 1993, White et al. [55], 
compared a large group of female physical 
education teachers (sample group) with a group 
from the general population matched for age and 
without special physical activity. These  investi- 
gators did not find more clinical or radiological hip 
OA, and even found a lower rate of radiographic 
knee OA and of joint complaints in the  sample 
group compared with the controls. 
Retrospective cohort s tud ies ,  
In 1975, Puranen et al. [56] compared. 60 
• ex-elite .marathoners with ,. controls (N= 115). 
Ex-marathoners were males, 55 years of age who 
started to  compete at a mean age of 15 years and 
continued to ~un in competition an average of 
21 years. They found a higher rate of osteo- 
phytes and hip OA in the controls.than in the 
ex-elite marathoners. However, radiographs of 
marathoners were taken from 1963-1974 and those 
of controls (males, mean age 58 years) only in 1974. 
It is not clear whether the statistical analysis was 
adjusted for age. Incidentally, the tilt deformity 
of Murray [20] was not elicited from this group 
of ex-elite athletes. : 
Sohn and Micheli [57] examined 504 former short 
and middle distance cross-country runners and 207 
former swimmers. Runners averaged 25 miles per 
week for 12 years. The questionnaire was con- 
ducted 25 years after 'their selection for inter- 
university competitions ~etween 1930 and 1960). 
The mean age at the time of the study was 57 years 
(23-77 years). They did not find more knee and/or 
hip pain among runners (2%) than in swimmers 
(2.4%). The number of surg!:cal procedures for 
knee or hip OA was four (0.8%)in runners and six 
(2.9%) in swimmers, which was not a significant 
difference. However, let us point out that there 
were no radiographs in this survey to validate the 
diagnosis of OA. Also, in the recent study by 
Spector et al. [31], despite a marked increase of 
radiograph OA in exqathletes, there were similar 
reports of knee or hip pain in ex-athletes in 
comparison with controls. Thus, pain is not a valid 
criterion able to be used alone to  diagnose OA. 
Konradsen et al. [58] investigated 33 long- 
distance runners selected between 1950 and 1955 
in Denmark who continued to practice this sport 
for nearly 40 years. Two subjects were lost to 
follow-up and one died. Among the 30 remaining 
athletes, three had stopped running-but only one 
did so because of OA (surgery of the hipsperformed 
after 30 years of running). The 27 remain ing 
runners (running an average of 12-1"8 miles/week) 
were compared with 27 matched sedentary sub- 
jects. Weight-bearing radiographs of the hips, 
knees and ankles were obtained in all subjects. The 
rate of OA (diagnosis based on radiographic and 
clinical findings) was not significantly higher 
in athletes than in controls in both groups. 
However, one runner had advancedradiographic 
OA and another one had already had total joint 
replacement of the hips. Therefore two of 33 
athletes had OA while no OA was reported in 27 
controls. 
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Prospective cohort studies 
Panush et al. [59] examined not only hips but 
also knees, ankles and feet of 17 long-distance 
runners aged 50-74 years (mean age of 56 years) 
who had been rcnning an average of 28 miles/week 
for 12 years. They were compared with 18 controls 
matched for age, weight and height. Radiographs 
were read blindly by two independant investi- 
gators. They reported that the rate of OA and of 
'simple' osteophytosis was not higher in runners 
than in controls. Panush [44] continued to observe 
these two groups in an 8-year follow-up study and 
again found that the rate of radiographic OA was 
not higher in runners than the controls. However, 
sample sizes are small such that a definite 
conclusion can not be made. 
Lane et al. [60] initiated a longitudinal study 
in 1984, and the first report in 1986 was a cross- 
sectional study. They examined the radiographs 
of the knees and spines of 41 runners aged 50-72 
years running 200rain/week for an average 
duration of 9 years and compared them with those 
of 41 controls matched for age, sex, education 
and occupation. They did not find any difference 
among men, but there were more osteophytes 
and subchondral bone sclerosis among women 
(mean age 59 years). However, they were neither 
associated with pain nor with clinical signs of knee 
OA. In runners from both sexes, there was a 
significant increase in lumbar bone mineral 
density. 
Lane et al. [61] continued their longitudinal 
study: on the populations of runners and controls 
which were evaluated at the 2-year, 5-year and 
9-year fo!low-u p periods. At 5-years follow-up, the 
runners averaged 65 years and were still running 
3 h/week (23-28 miles/week). Radiographic signs 
of OA increased in each individual but without 
any difference between runners and controls. Five 
cases of knee OA were diagnosed in controls 
compared with four among the runners (ACR 
criteria) [61]. The risk factors ,for knee OA included 
age, running speed and w~ght.  After 9 years, 
32 of the 41 runners were ~ examined again: 21 
were still running 163 rain/week; 11 had stopped 
practising and among them, only two had stopped 
because of knee pain. Radiographs did not show 
any difference between controls, runners who had 
stopped and runners still practising [62]. Lane 
et al. concluded that long-distance running is not 
harmful. However, they classified their runners as 
middle range  and not in the elite category of 
athletes that submit their joints to high impacts 
and high intensity loading during competitions. 
Moreover, they did not take account of osteo- 
phytes (more frequent in runners) as, at least, a 
possible predictor of subsequent OA. 
Hanna.n and Felson et" al: [63] evaluated the 
relationship between the usual physical activity 
level at middle age and the occurrence of OA in 
the FramingtPam cohort study. Subjects were 
interviewed in 1954-57 and then in 1971-73. They 
were questioned about, the number o f  hours 
spent every day for each level of physical activity 
rated from 1-5. In 1983-85, radiographs of the 
knees in weight-bearing position were performed 
in the 1415 subjects followed. Their average age 
was 73 years. Ninety-seven of the 589 men (16%) 
and 154 of the 826 women (18%) had knee OA 
as defined by a narrowing of the joint space, 
osteophytes and pain episodes for the last 2 years. 
After adjustments based on age, body mass, knee 
injuries, tobacco consumption, the authors could 
not correlate knee OA to the level of daily physical 
activity. 
Discuss ion  
Let us try to draw some conclusions from the 
main studies (seven in 'the charge', four in 'the 
defense' summarized above) taking into account 
the category and level of sport called into question, 
the number of participants and controls examined, 
the diagnostic criteria and the potential for bias. 
RISK OF OA IS INCREASED IN SOME SPORTS AT A 
CERTAIN HIGH LEVEL OF PRACTICE 
After 20 years of studies, there is evidence that 
some sports, at least those practiced at a high level, 
involve an increased risk of OA in hip and/or knee 
joints. Among the harmful sports are soccer, which 
result in an estimated RR (OR) for OA of the hip 
from 2.3 [25] to 3.7 [26] as far as the elite players 
are concerned. 
Wi th  regard to OA of the knee, the risk is higher: 
OR = 4.4 [27] or 5.2 [29]. Here, once more, the level 
of game is important: elite soccer players have 
.15.5% of OA knee and yet 11% after abstracting 
injuries, versus 3% (without injuries) in nonelite 
players, and 1.6% in controls [27]. Encompassing a 
variety of sports, the Vingard et al. case-control 
study again finds that the risk is higher in those 
athletes practicing at high levels and that there 
are differences between sports [25] (Table I). This 
latter poifit is confirmed by Kujala et al. in their 
study of 2443 former Finnish athletes. They found 
that power sports (boxing, weightlifting, wrestling) 
are affected by maximum OR: 2.17, whereas OR of 
'mixed sports' (football, hockey, track and field 
sports) is 1.90 and OR of running: 1.73 [28]. There 
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Table III 
Sports related to higher risk of hip and knee OA* 
Risk 
Recreational Competition 
Normal joints 
Long-distance running 
Soccer 
Racket sports 
Other track and field sports (rugby, judo, etc) 
Dystrophy and/or pre-existing trauma 
All above mentioned sports 
Probabil 2 --* Probabily T 
Slightljr T T T 
Probabily T T T 
Probabily T T T 
Almost certainly increased 
*And ankJe in football practice. --*: risk not increased; T: risk increased; T T: almost 
certainly increased. 
Adapted from Lane [52], Vingard et al. [24] with permission. 
is also a certain specificity in the location of OA: 
in another study from Kujala's team [29], tibio- 
femoral OA is largely predominant in soccer 
players (29%) and patellofemoral OA is observed in 
weightlifters (31%). Tennis is l ikely to also be a 
source of increased risk of hip OA according to a 
case-control study [25], as well as of knee OA 
according to a recent cohort study [31]. 
Does running increase OA risk? 
This question of running is certainly interest- 
ing for many people because approximately 8% 
of the US population participates yearly in 
running or jogging [29]. Although for most runners 
it is a recreational activity performed at low or 
middle levels of intensity, it is important o know 
whether this sport results in an increased risk of 
OA. Table II summarizes ~he main studies 
in running athletes or amateurs. A summary of 
the eight studies published ([60] and [62] is 
comprised of the same cohort), four are nega- 
tive, three are positive and one, in our opinion, is 
ambiguous. Among the negative studies, that 
of Puranen is uncertain with regard to age 
matching and that of Konradsen is ambiguous (see 
'Comments'). The study by Sohn and Micheli 
[30] did not use a valid definition for OA because 
only the symptomatic ones were taken into 
account by questionnaire, w~en, in fact, athletes 
have a pain threshold highez~han that of controls. 
Among the pessimistic (positive) studies, it is 
acknowledged by Kujala et al. that their samples 
were too small for reaching significant difference 
(14 versus 3%). Of the four remaining studies of 
sound methodology, two are negative (Lane, 
Panush) and two are positive (Spector, Marti). 
How do we explain this discrepancy? First, the 
sample size is small in Panush and Marti 's studies. 
This could account for a false-negative result 
in the study by Panush. Second, the- diagnostic 
criteria are different among the  studies. For 
example, in the last Lane et al. [64], OA was defined 
by ACR criteria that included both radiographic 
and clinical criteria, namely pain. Radiographic 
changes of OA without pain did not fulfill the ACR 
criteria. 
Last but not least, the level of sport activity is 
very unequal; in studies by Lane and by Panush, 
runners reported a mean of 25 miles/week. In 
Lane's 5-year follow-up study runners averaged 
23-28 miles/week, and pace per mile was found to 
be a significant predictor for radiographic OA. On 
the contrary, the athletes reported by Marti  et al. 
[30] underwent more intense training: 60 miles/ 
week for over 15 years and authors emphasized the 
speed asthe main predictor of risk for OA. Athletes 
from the Spector et al. study averaged about 15 
miles/week for 15 years. We do not know at what 
pace they ran but can assume at a much faster pace 
than in the Lane's cohort since they were ex-elite 
athletes. Moreover osteophytes were taken into 
account as diagnostic riterion for OA in Spector's 
study, not in Lane's cohort. 
It appears reasonable to conclude that there is 
a difference in the risk of OA between middle 
intensity levels or recreational practice and high 
or competition levels. This distinction was done in 
Table I and Table III. At this time, the evidence 
supports recreational practice of running as safe, 
but studies are comprised of small sample sizes 
with a limited follow-up, whereas in Spector's 
Sludy, the duration of sport practice is stressed as 
the main risk factor. Thus, additional studies are 
necessary. As far as elite runners are concerned, 
especially those who have been either running 
for many years or running many miles per week 
(see underlined parameters in Table I_I), the trend 
and even .the evidence of an increased risk for 
OA is emerging from our analysis of the published 
studies. 
Among possible mechanisms leading to OA in 
long distance runners, especially elite runners, one 
of us (M.G.L.) wishes to put forward a hypothesis: 
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Table IV 
Most likely OA risk factors in sport practice 
• High level (competition) 
• Joint deformity 
• History of meniscectomy 
• History of rupture of anterior cruciate ligament 
• Keeping up of practice despite such injury history 
• Age when pre-existing trauma occured 
• Relative late start (age >40-50 years) of the practice of a sport at risk 
Adapted from N. Lane [52]. 
normal strength and pace of periarticular muscu- 
lar contraction occurring in correct time for 
protecting the joint when impacts are transmitted 
to the lower limb might be impaired by (1) the high 
pain threshold [31] or (2) the muscular fatigue. 
Both could more or less inhibit proprioceptive 
reflexes. Both could trouble the subtle synchro- 
nization between the felt impact and the muscle 
response. By these mechanism or others, the 
current high level of training for competition is 
probably one of the major OA risk factors, as 
indicated in Table IV. 
Desirable methodo logy  for subsequent  
studies 
There are several points of disagreement on 
the risk of OA in certain sports. These discrepan- 
cies should be delineated by subsequent studies 
with rigorous methodology, including: (1) utiliz- 
ation of validated iagnostic riteria, particularly 
radiographic riteria in painless joints and utiliz- 
ation of a validated and reliable radiographic 
atlas to achieve enough accuracy in defining 
the stage of OA, if any [65]; (2) suitable study 
design, preferably longitudinal studies. (3) Large 
sample sizes, large enough to be likely to have a 
reasonable chance of capturing an effect of sports 
activity on OA; (4) include different levels of sport 
practice as accurately delineated as possible; 
(5) readers of radiographs "should be blinded 
to the exposure of risk and{(6) adjustment for 
appropriate and relevant c0~founding variables. 
OA is a multifactorial disease where endogenous 
and exogenous factors interplay [66]. Certain 
endogenous factors such as 'generalized OA' and 
a family history of OA deserves to be recognized 
and recorded [67]. 
In conclusion, let us remind the reader that 
insufficient use of joints also can be detrimental, 
and let us repeat the excellent aphorism by 
Sokoloff [68]: 'Cartilage can surv~ive in a large 
range of solicitations, but below and beyond, it will 
suffer'. 
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